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PATHOLOGIC STUDIES
Lymphatic Drainage From the Ventricular Septum to the
Atrioventricular Node in Human Beings
HERMAN N. UHLEY, MD, FACC, SANFORD E. LEEDS, MD, MARY ANNA SUNG, MD
San Francisco. California
It has been suggested that intracardiac lymphatics may
play a role in the pathophysiologic processes involving
the conduction system. To test the possibility of linkage
between the ventricular septum and the atrioventricular
(AV) node, india ink was injected into the ventricular
septum of freshly removed human hearts. Microscopic
sections of the AV node and adjacent tissue were ex-
amined for the presence of india ink. India ink was seen
In a previous study we (1) suggested that lymphatics within
the heart may playa role in the pathophysiologic processes
involving the conduction system. This could occur by the
movement of noxious intracellular contents from the re-
motely damaged myocardium to conduction tissues where
electrophysiologic changes might be induced.
The possibility of linkage between the ventricular septum
and the atrioventricular (AV) node was tested by the injec-
tion of india ink into the ventricular septum of unfixed
human hearts less than 6 hours after death. Microscopic
sections of the atrium containing the AV node were ex-
amined for the presence of india ink. If present, this would
support the contention that arrhythmias may be induced by
the effluent from a remote area of myocardial injury.
Methods
Four postmortem human hearts (Table I) were injected with
0.5 ml of india ink (Pelikan). A no. 30 needle was used to introduce
the material into the midventricular septum. The area of injection
was inspected and there was no suggestion of possible intraarterial
entrance which would deliver the bolus by this route. Blocks that
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in and near the AV node in lymphatic channels and small
veins. The implication is that potentially noxious ma-
terials can be transmitted by lymphatics from remote
areas and influence adjacent conduction system fibers.
Thus, it is possible that AV conduction disturbances
after myocardial infarction may be induced by a lym-
phatic mechanism.
included atrial and ventricular septal tissue were taken from the
region of the AV node and fixed in formalin (2). Sections of 5 I-t
thickness were prepared and stained with hematoxylin-eosin, Ver-
hoeff-VanGiesonelastic tissue stain and Masson's trichrome stain.
The slides were examined for the presence of india ink (Fig. I to
4). Histologically, there may be difficulty in determining whether
india ink resides in lymphatics or venules, However, when the
Verhoeff-Van Gieson elastic stain was negativeand red blood cells
were not present in the lumen, it suggested that the small channels
were lymphatics.
Results
India ink was seen in and near the AV node in what
appeared to be small lymphatic channels (Fig. I, 3 and 4)
and in thin-walled endothelial-lined vessels that had the
appearance of small or medium veins (Fig. l B, 2 and 3).
Discussion
The presence of a "special perilymphatic space" sur-
rounding the AV bundle was described by Curran (3) in
1909. There was a dearth of material concerning the lym-
phatics in relation to the conduction system until 1972 when
the subendocardial lymphatics of the canine right ventricle
and their anatomic relation to the right ventricular conduc-
tion system were reported (1). In 1976, Eliska and Eliskova
(4) described the lymphatic drainage of the sinoatrial node
in human beings and dogs. In 1980, the same authors (5)
described the lymphatic drainage of the ventricular con-
duction system in human beings and dogs.
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Table 1. Pathologic Findings in Four Postmortem Hearts
Case
2
3
4
Age(yr)/Sex
73M
46M
17M
62M
Pathologic Diagnosis
Generalized atherosclerosis
Hypertrophic cardiovascular disease
Coronary atherosclerosis, severe
I. Occlusion of both main coronary artenes, old
2. Extensive fibrosis, septum
Generalized atherosclerosis and congestive heart failure
I. Right intracerebral hemorrhage, acute
2. Cardiomegaly
3. Chronic passive congestion of liver and lungs
Adenocarcinoma of pancreas
Bilateral massive pulmonary tumor with thromboemboli in infarcted area
Artenosclerotic heart disease with hypertrophy
Severe generalized and coronary atherosclerosis
I. Occlusionof nght coronary artery, old
2. Extensive healed infarction of septum, apex, posterior wall
3. Occlusion of left circumflex coronary artery, recent
4. Massive recent infarction of left ventricle including atrioventricular
node and left bundle
Figure 1. Case I. A, Section through the atrioventricular (AV) node.
Hematoxylin-eosin stain; magnification lOx, reduced by 29%. India ink
can be seen in a small vessel and a larger vessel, both of which are Verhoeff-
Van Gieson-negative and do not contain erythrocytes. These vessels are
probably lymphatics. B. Section through lipoid tissue near the AV node.
Hematoxylin-eosin stain; magnification 10x reduced by 29%. India ink
is present in a thin-walled epithelial-lined space. Elastic tissue in the wall
is stained with Verhoeff-Van Gieson elastic tissue stain indicatmg that this
is a small vein.
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Figure 2. Case 2. Section through the AV node near the right bundle.
Hematoxylin-eosin stain; magnification 10 x, reduced by 29%. India ink
is present in a medium size vessel. Elastic tissue in the vessel wall on
another cut was stained with Verhoeff-Van Gieson stain, indicating that
this probably is a vein.
Anatomic implications. The intrinsic lymphatics of the
heart are thin-walled, delicate structures that are frequently
obscured in the postmortem state and difficult to observe.
India ink follows the confines of lymphatic vessels rather
than grossly diffusing through the interstitium, serving as
an ideal material for injection experiments (6). In the present
study india ink was injected into the ventricular septum. In
microscopic sections of tissues taken from the region of the
AV node india ink was seen in channels that appear to be
lymphatics; india ink was also seen in small veins. Because
the injection site was in the ventricular septum at some
distance from the AV node, it is presumed that a lymphatic
linkage to the atrium and the region of the AV node is
present.
The implication is that potentially noxious materials
transported by the lymphatics are able to reach the area of
the AV node (1,7). Because the lymphatics are permeable,
materials that come from remote areas could leak through
the vessel wall and influence the adjacent conduction system
fibers. The presence of india ink in small veins and lym-
phatics suggests the possibility of venous linkage or lym-
phaticovenous anastomoses within the heart (8).
Clinical implications. The appearance of various de-
grees of AV block as a transient phenomenon associated
with inferior myocardial infarction may be due to the isch-
emic process, stemming from involvement of the vascular
supply to the AV node. It is also conceivable that the block
may emanate from factors related to drainage of distant
injured regions of the myocardium. For example, it is pos-
sible to envision inferior myocardial infarction causing AV
conduction disturbances by a lymphatic mechanism. Indeed,
the lymphatic effluent from the inferior septum drains to-
ward the-AV node in the canine heart (I). This might explain
why the conduction disturbances do not always appear at
the time of infarction, but often appear later in the course
of the illness and subsequently regress.
Figure 3. Case 3. Section through the AV node area near the right bundle.
Hematoxylin-eosin stain; magnificanon 10x , reduced by 29%. A small
vein with elastic tissue in the wall is seen in the mid-upper portion of the
section. In the lower portion of the secnon is an epithelial-lined space, the
wall of which is Verhoeff-Van Gieson-negative. This space contains india
ink and is probably a lymphatic.
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Figure 4. Case 4, A, Section through the AV node and common bundle
area, Hematoxylin and eosin stain, magnification 10 x , reduced by 29%.
There are large and small endothelial-lined spaces containing india ink
which are Verhoeff-Van Giesen-negative. These appear to be lymphatics.
B, Section near the coronary sinus. Hematoxylin-cosm stam, magnification
lOx, reduced by 29%. The large endothelial-hned space contains india
mk. The wall is Verhoeff-Van Gieson-positive for elastic tissue and the
vessel presumably IS a vein. Some of the small spaces contain india ink
and are probably lymphatics. Fat cells are present
The present study demonstrates a linkage between the
ventricular septum and AV node by way of the lymphatics.
This suggests a possible influence on the AV conduction
system by toxic products from remote areas of ischemia.
This work was aided by the Biomedical Support Program of Mount Zion
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